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ABSTRACT
We perform a series of controlled N-body simulations to study realizations of the re-
cently discovered Antlia 2 galaxy in cold dark matter (CDM) and self-interacting dark
matter (SIDM) scenarios. Our simulations contain six benchmark models, where we
vary the initial halo concentration and the self-scattering cross section. We adopt well-
motivated initial stellar and halo masses, and our fiducial orbit has a small pericenter.
After evolving in the Milky Way’s tidal field, the simulated galaxies experience signif-
icant mass loss and their stellar distributions expand accordingly. These tidal effects
are more prominent if the initial halo concentration is lower and if the self-scattering
cross section is larger. Our results show that Antlia 2-like galaxies could be realized in
CDM if the halo concentration is low and the stellar distribution is diffuse at the infall
time, while these conditions could be relaxed in SIDM. We also find all the simulated
galaxies predict approximately the same stellar velocity dispersion after imposing se-
lection criteria for stellar particles. This has important implications for testing dark
matter models using tidally disturbed systems.
Key words: methods: numerical-galaxies: evolution-galaxies: formation-galaxies:
structure- cosmology: theory
1 INTRODUCTION
The newly discovered Antlia 2 satellite galaxy is the lowest
surface brightness galaxy known to date (Torrealba et al.
2019). Its half-light radius is ∼ 2.9 kpc, making it two or-
ders of magnitude more diffuse than ultra-diffuse galaxies
(Koda et al. 2015). It is located near the Galactic plane, at
a galactic latitude of ∼ 11◦. Because of these unique prop-
erties, the Antlia 2 galaxy has been dubbed “hidden giant.”
In fact, Bullock et al. (2010) predicted the existence of this
type of so-called stealth galaxies, which have similar lumi-
nosities but more extended stellar distributions, compared
to ultra-faint dwarf galaxies.
Chakrabarti et al. (2019) used Gaia proper motions
(Gaia Collaboration 2018) to derive orbital parameters of
the Antlia 2 galaxy. They also calculated its dynamical ef-
fect on the outer HI disk of the Milky Way and found orbits
∗E-mail: sameie@utexas.edu
with low pericenters (∼ 10 kpc) could match the observed
disturbances in the HI disk (Levine et al. 2006). Interest-
ingly, Chakrabarti & Blitz (2009, 2011) proposed that the
HI disturbances could be explained by the existence of a
subhalo as a perturber, and its predicted radial location at
the present time is consistent with that of Antlia 2.
Torrealba et al. (2019) used controlled N-body simula-
tions to explore the origin of Antlia 2 in the Milky Way’s
tidal field, and they considered both cuspy and cored dark
matter density profiles. To match the observations, they
found that the cuspy halo requires unreasonable model pa-
rameters. For example, the adopted initial halo mass is
∼ 5 × 108 M, which is too low to form galaxies (Okamoto
et al. 2008; Benitez-Llambay & Frenk 2020), and the ratio of
stellar-to-halo scale radii at the infall is ∼ 6, too large to be
produced in hydrodynamical simulations even with strong
baryonic feedback (Fitts et al. 2017; Wheeler et al. 2019;
Lazar et al. 2020). For their cored profile, the initial halo
mass is much larger, ∼ 1010 M, and the assumed radius
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of the stellar distribution is comparable to the halo’s scale
radius. They found that Antlia 2 favors a cored halo than a
cuspy one.
The indication that Antlia 2 may prefer a cored halo
profile is of significant interest in the context of the core
vs. cusp issue of cold dark matter (CDM), i.e., many dwarf
spiral galaxies favor a dark matter density core over a cusp
as predicted in CDM-only simulations (Dubinski & Carl-
berg 1991; Navarro et al. 1997); see de Blok (2010); Bullock
& Boylan-Kolchin (2017); Tulin & Yu (2018) for reviews.
Recent simulations show that baryonic feedback could pro-
duce density cores (Read & Gilmore 2005; Governato et al.
2010; Chan et al. 2015; Santos-Santos et al. 2018; Fitts et al.
2019) and the dark matter core size could be as large as
∼ 3 kpc for a 1010 M CDM halo (Lazar et al. 2020). On
the other hand, the cores could also form if dark matter
has strong self-interactions (Spergel & Steinhardt 2000; Feng
et al. 2009; Arkani-Hamed et al. 2009; Loeb & Weiner 2011;
Tulin et al. 2013; Kaplinghat et al. 2016). It has been shown
that this self-interacting dark matter (SIDM) scenario could
explain diverse dark matter distributions in the field galaxies
(Creasey et al. 2017; Kamada et al. 2017; Ren et al. 2019),
dwarf galaxies of the Milky Way (Vogelsberger et al. 2012;
Zavala et al. 2013; Valli & Yu 2018; Kahlhoefer et al. 2019;
Sameie et al. 2020) and ultra diffuse galaxies (Yang et al.
2020). It is interesting to see whether Antlia 2 could shed
further light on the nature of dark matter.
In this work, we study realizations of Antlia 2 using
controlled N-body simulations in both CDM and SIDM sce-
narios. The simulated satellites contain halo and stellar com-
ponents and their masses are well motivated by the stellar-
halo mass (Moster et al. 2013; Behroozi et al. 2013) and
mass-metallicity (Kirby et al. 2013) relations. For the CDM
simulations, we vary initial halo concentration, while for the
SIDM simulations we fix the concentration, but vary the
dark matter self-scattering cross section. Our orbital distri-
bution is derived from the observed Gaia proper motions of
Antlia 2, and our fiducial orbit has a low pericenter and is
nearly co-planar, like the orbit that Chakrabarti et al. (2019)
found matched the disturbances in the outer HI disk of the
Milky Way. We further compare our simulations to Antlia
2’s observables reported in Torrealba et al. (2019), includ-
ing the observed line-of-sight (LoS) velocity dispersion, half-
light radius, stellar mass, as well as dynamical mass within
the half-light radius.
As we will show, tidal interactions play an important
role in shaping dark matter and stellar distributions of our
simulated galaxies in both CDM and SIDM. In contrast to
the early results (Torrealba et al. 2019), we find Antlia 2-
like galaxies could be realized in CDM if the initial halo
has a low concentration and the initial stellar distribution
is highly diffuse, while in SIDM a higher halo concentration
and a compact stellar distribution are also allowed. All our
simulated galaxies have approximately the same LoS stellar
velocity dispersion after a realistic velocity cut, although
their inner dark matter densities are different. We discuss
its implications for discriminating between CDM and SIDM
models. We also investigate gravitational boundedness on
the computation of the stellar kinematics and the impact of
different orbital trajectories.
The paper is organized as follows. In §2, we discuss our
simulation setup. In §3, we present our results and discuss
their implications. We conclude in §4.
2 SIMULATIONS
We perform our simulations using a modified version of the
code Arepo (Springel 2010), which includes a module im-
plementing the dark matter self-interactions (Vogelsberger
et al. 2012, 2016, 2019). Following Chakrabarti et al. (2019),
we model the host including both halo and stellar compo-
nents with a Hernquist profile (Hernquist 1990),
Φh (r) = −
GMh
r + rh
, (1)
where Mh = 1.86 × 1012M and rh = 36.1 kpc are total mass
and characteristic length scale, respectively. The correspond-
ing virial mass of the halo is Mv ≈ 1.4 × 1012M. This is
comparable to recent mass models of the Milky Way in-
ferred from observations (Boylan-Kolchin et al. 2013; Fritz
et al. 2018; Watkins et al. 2019; Deason et al. 2019; Posti &
Helmi 2019). In our simulations, we assume the host poten-
tial given in Eq. 1 is static.
We use a Navarro-Frenk-White profile (Navarro et al.
1997) to model the initial dark matter distribution of the
simulated galaxies,
ρdm (r) =
ρs
r/rs
(
1 + r/rs
)2 , (2)
where ρs and rs are the characteristic density and length
scale. Equivalently, we can use the virial mass Mv and halo
concentration cv ≡ rv/rs to specify a halo, where rv is the
halo’s virial radius. We consider six benchmark models for
our simulations. We fix Mv = 1010 M, estimated from the
stellar-halo mass relation (Moster et al. 2013; Behroozi et al.
2013). For CDM, we choose cv = 13, 10 and 8, corresponding
to the median of cv(Mv) relationship and 1σ and 2σ devia-
tions below the median concentration at fixed mass found in
cosmological simulations at z = 0 (Dutton & Maccio` 2014).
Compared to Torrealba et al. (2019), where cv = 15.9 is fixed,
we explore a broader range of halo models. For our SIDM
simulations, we set cv = 10, but vary the self-scattering cross
section as σ/m = 1, 3 and 5 cm2/g (hereafter denoted as
SIDM1, SIDM3 and SIDM5, respectively). These cross sec-
tions are motivated to address CDM’s small-scale issues and
pass observational tests on galactic scales (Tulin & Yu 2018).
The initial stellar component of the satellites is modeled
with a Plummer profile (Plummer 1911),
ρp (r) =
( 3Mp
4pi
) r2p(
r2p + r2
) 5
2
, (3)
where Mp is the mass and rp is the scale length of the stellar
distribution. In order to accommodate stellar mass loss after
tidal evolution, we assume Mp = 3× 107 M, which is on the
higher limit of the mass-metallicity relation (Kirby et al.
2013). We choose the length scale as rp = 2 kpc. This is
motivated by recent hydrodynamical simulations in Lazar
et al. (2020), where they showed a 3D half-mass radius of
r1/2 ∼ 3 kpc could be achieved for a 1010 M halo. Note
for a Plummer profile the 2D projected half-mass radius is
R1/2 = rp, and r1/2 ≈ 4/3R1/2 (Wolf et al. 2010).
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Figure 1. Galaxy properties vs. time for the CDM satellite with
the initial concentration of cv = 10. From top to bottom panels:
the distance from the host, dynamical mass within inner 5 kpc,
stellar mass within inner 7 kpc, and the stellar half-mass radius.
The vertical dashed red line denotes t = 8Gyr, at which we evalu-
ate observables of our simulated satellites and compare them with
observations of Antlia 2.
The simulated galaxies consist of 5 million dark mat-
ter and 1 million star particles. The mass resolutions are
3.6 × 103M and 30M for the dark matter and stars. The
Plummer-equivalent softening length is p = 25pc. The ini-
tial conditions for the simulated galaxies are generated using
the publicly available code SPHERIC (Garrison-Kimmel
et al. 2013).
We follow Chakrabarti et al. (2019) and obtain the or-
bits for the simulated galaxies. The initial position and ve-
locities are derived from backward integrating the observed
Gaia proper motions of the Antlia 2 dwarf for 8 Gyr. We
further sample the errors in the proper motions to derive
an orbital distribution. The orbit we consider has apocenter
and pericenter radii of ∼ 200 kpc and 13 kpc.
3 RESULTS
3.1 Tidal evolution and dark matter distributions
We investigate the tidal evolution of the cv = 10 CDM
galaxy. Fig. 1 shows the characteristic observables vs. time,
including the distance from the host, dynamical mass, stellar
mass and 2D half-mass radius. In computing the dynamical
mass, we sum both halo and stellar masses within an inner
5 kpc radius of the galaxy. To estimate the stellar mass and
half-mass radius, we first choose stars that pass a velocity
cut of |vlos − Vbulk | ≤ 12 km/s, where vlos is the LoS velocity
of the stars and Vbulk is the bulk velocity of the satellite;
we will discuss velocity cut in detail later. Then, the stellar
mass and half-mass radius are evaluated by fitting a Plum-
mer profile to the simulated stellar particles inside of a 7 kpc
radius at each snapshot.
We estimate Antlia 2’s infall to be around 8 Gyr ago,
based on orbit-integration calculations (Chakrabarti et al.
2019). From Fig. 1, we see the distance of the simulated
galaxy from its host at t = 8 Gyr is 135 kpc, in good agree-
ment with the measured value of 132 kpc for Antlia 2 (Tor-
realba et al. 2019). The dynamical mass decreases substan-
tially at each pericenter passage, especially at the first two,
due to tidal stripping. After 8 Gyr of evolution, the satel-
lite has lost more than 90% of its initial mass. In contrast,
the tidal mass loss of stars only becomes more significant
on the later stages. This is because the tidal stripping is an
outside-in process, i.e., it first removes most of the mass in
the outskirts dominated by dark matter, and then continues
to strip more concentrated stellar mass in the inner regions
(see also Pen˜arrubia et al. 2008, 2010). In addition, there is
an oscillatory trend in the half-mass radius over the course of
the evolution. The stellar distribution progressively becomes
more diffuse after each pericenter passage. At t = 8 Gyr, the
2D half-mass radius is maximized, R1/2 ∼ 3 kpc, which is
close to the measured value, and is 50% larger than its ini-
tial value.
Fig. 2 shows dark matter density profiles at t = 8 Gyr
for the CDM (left) and SIDM (right) models, together with
their initial conditions. All the haloes experience severe mass
loss due to the tidal stripping from the host potential and
the significance of tidal interactions is more prominent if the
concentration is lower or the SIDM cross section is larger.
The CDM haloes still retain their inner cuspy structure af-
ter tidal evolution (Kazantzidis et al. 2004; Pen˜arrubia et al.
2008). This is true even for the halo with the lowest concen-
tration in our simulations (cv = 8), which is 2σ below the
median of the cv(Mv) relation (Dutton & Maccio` 2014). For
the SIDM haloes, density cores form and the core size in-
creases with the self-scattering cross section (Sameie et al.
2020).
3.2 Line-of-sight velocity dispersion profiles
The observed LoS velocity dispersion of Antlia 2 provides
an important test for our simulations. A fair comparison
requires a good understanding of selection criteria for the
stellar members. Torrealba et al. (2019) selected 221 spec-
troscopic members of Antlia 2 having the best measurements
of radial velocities with uncertainties better than 10 km/s for
their kinematic analysis; see their Table 2. All the star mem-
bers fall inside an on-the-sky distance of 3.2 kpc. The veloc-
ity distribution of the spectroscopic members has a peak at
∼ 290 km/s, which is the bulk velocity of Antlia 2, and a
spread of 20 km/s. They used a foreground model that ex-
cludes star members with radial velocities higher or lower
than this limit as foreground contamination.
We select simulated stars within a 2D projected dis-
tance of 3.2 kpc to be consistent with Torrealba et al. (2019).
Fig. 3 shows distributions of LoS velocities for the CDM
and SIDM simulations, after imposing a loose velocity cut
|vlos −Vbulk | < 20 km/s and a tight cut |vlos −Vbulk | < 12 km/s,
together with the distribution of observed spectroscopic
members from Torrealba et al. (2019). With the loose ve-
locity cut, the stellar velocity distributions of the simulated
galaxies reveal two side peaks, which are remnants of the
tidal debris of stellar particles in our simulations. The peaks
are higher for the haloes with lower initial cv or higher σ/m,
as their potentials are shallower and stellar orbits are more
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Figure 2. Dark matter density profiles of the simulated satellites for the CDM (left) and SIDM (right) models after 8 Gyr of evolution
in the Milky Way’s tidal field (solid), as well as their initial conditions (dashed).
likely to be tidally disturbed. Our tight velocity cut removes
some of the remnants and the resulting velocity distributions
of stars show good agreement with the observations.
Fig. 4 shows LoS velocity dispersion profiles for our
CDM (left) and SIDM (right) simulations with the two ve-
locity cuts, as well as the observed profile computed using
the data compiled in Torrealba et al. (2019). It is clear that
relaxing the cut leads to a significant increase in the velocity
dispersion. The effect is more prominent for lower initial cv
or larger σ/m, as expected. This is also consistent with the
results shown in Fig. 3, i.e., the 20 km/s cut reveals tidal
debris structures in the stellar velocity distribution, and the
galaxies with lower cv or larger σ/m have a relatively higher
fraction of stellar particles on the tidal tail. Future observa-
tions of the tidal debris of Antlia 2 would provide a means
of testing those models.
We see that with the tight cut all the simulated galax-
ies reproduce consistently the observed LoS velocity distri-
bution, although their dark matter densities inside a few
kpc radii are different, as indicated in Fig. 2. In fact, the
resulting LoS σ? profiles are remarkably similar; they are
flat toward the center with little variation. It seems hard
to use the measured LoS velocity dispersion of Antlia 2 to
discriminate between the CDM and SIDM models in this
work, because the simulated galaxies are tidally disturbed
and their stellar particles do not provide a faithful tracer for
the local mass distribution.
3.3 Stellar distributions and dynamical masses
For each simulated galaxy, we compute its stellar half-mass
radius and mass including all stars inside of 7 kpc radius that
pass the tight velocity cut and the results are summarized in
Table 1. We see that R1/2 expands relative to its initial value
(2 kpc), and the galaxies with shallower dark matter profiles,
either lower cv or higher σ/m, have more diffuse stellar dis-
tributions after tidal evolution (Errani et al. 2015; Dooley
et al. 2016; Yang et al. 2020). It is also evident that the
stars expand more significantly in SIDM than CDM, as the
Name R1/2 (kpc) M? (M) M(< R1/2) (M)
Antlia 2 2.86 ± 0.31 (8.8 ± 1.2)e5 (5.4 ± 2.1)e7
CDM(cv=13) 2.4 2.6e6 1.2e8
CDM(cv=10) 2.7 1.6e6 6.0e7
CDM(cv=8) 2.9 9.5e5 3.2e7
SIDM1 2.8 1.4e6 5.4e7
SIDM3 3.0 1.0e6 3.7e7
SIDM5 3.2 9.6e5 3.3e7
Table 1. Properties of the simulated satellites after 8 Gyr of tidal
evolution: the 2D projected half-mass radius of stars, the total
stellar mass and the dynamical mass within R1/2. For all simulated
galaxies, the initial stellar mass is 3 × 107 M and the half-mass
radius R1/2 = 2 kpc. The measurements of Antlia 2 (Torrealba
et al. 2019) are also listed for comparison.
CDM halo retains its density cusp even if its concentration
is as low as cv = 8; see Fig. 2. All of our simulated galaxies
have diffuse stellar distributions and their R1/2 values are in
good agreement with the observed half-light radius of Antlia
2, R1/2 = 2.86 ± 0.31 kpc (Torrealba et al. 2019) within the
errors. Overall, our SIDM models match the observations
slightly better than their CDM counterparts. It is impor-
tant to note that for the halo mass we consider, our initial
R1/2 = rp = 2 kpc is already on the higher end of the stellar
distribution predicted in simulations with realistic baryonic
feedback (Lazar et al. 2020). If the initial R1/2 is smaller,
SIDM would be more favored to reproduce Antlia 2’s low
surface brightness.
We compute the total stellar mass inside a radius of
7 kpc; see Table 1. The stellar mass decreases as the halo
concentration decreases or the cross section increases, as ex-
pected. All of the galaxies have M? comparable to Antlia 2’s
M? = (8.8±1.2)×105 M (Torrealba et al. 2019) within a fac-
tor of two, and the models with lower cv or larger σ/m agree
better with the data. If we choose a smaller stellar mass at
the infall time, the resulting M? would match the observed
value closer. On the other hand, there could be additional
uncertainties associated with the stellar mass measurements
(Simon 2019; Applebaum et al. 2020). Keeping those consid-
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erations in mind, we find the comparison to the stellar mass
of Antlia 2 favors an under-dense halo. In addition, we have
checked that the simulated stellar distributions can be well
fitted by a Plummer profile and the relation r1/2 = 4/3R1/2
holds for our simulated galaxies to be better than ∼ 7% (see
also Gonza´lez-Samaniego et al. 2017; Campbell et al. 2017).
In Table 1, we also list the dynamical mass within R1/2
for each simulated galaxy, computed from our simulations
directly. There is a clear trend that Mdyn is reduced as cv
decreases or σ/m increases. Torrealba et al. (2019) estimated
the dynamical mass of Antlia 2 enclosed within a sphere of
radius R1/2 ≈ 2.9 kpc as 5.5×107 M. It is based on the mass
estimator M(R1/2) = µσ2?R1/2 (Walker et al. 2009), where
µ ≡ 580 M s2/pc/km2 and σ? ≈ 5.7 km/s is the overall LoS
σ? of Antlia 2. The mass estimator assumes that the stars
follow a Plummer profile, which is a good approximation for
our galaxies. Taking the average values, σ? ≈ 6 km/s and
R1/2 ≈ 3 kpc, we apply the estimator to our galaxies and
find M(< R1/2) ∼ 6 × 107 M, in good agreement with the
estimated one for Antlia 2.
However, compared to the results directly from our sim-
ulations, the mass estimator underestimates the dynamical
mass for the CDM halo with cv = 13 by a factor of 2, while
overestimates it for SIDM5 by the same factor. As shown
in Fig. 4, all the galaxies have approximately the same LoS
σ? profile after the tight velocity cut. For the CDM halo
(cv = 13), our cut removes stellar particles on the high veloc-
ity tail, resulting in relatively low σ?; see Fig. 3 (left). If we
were taking σ? ≈ 10 km/s from the loose cut, the agreement
would be much better for the CDM halo. On the other hand,
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SIDM5 has the shallowest potential and its stellar orbits are
disturbed most significantly, leading to LoS σ? much higher
than that expected without the tidal effects. The discrep-
ancy is not surprising, because the mass estimator is based
on Jeans modeling, which assumes a system in dynamical
equilibrium, but SIDM5 is least equilibrated among the six
simulated galaxies.
3.4 Bound vs. unbound stellar particles
All dark matter and stellar particles are gravitationally
bound to the simulated satellites at t = 0 by construction,
while subsequent tidal interactions with the host potential
will unbind significant amounts of mass. Loosely bound or
unbound particles are more frequently stripped at outer radii
of the galaxies. In computing the LoS velocity dispersion
shown previously, we did not exclude the unbound stellar
particles, because from the observational perspective it is
not possible to single out unbound stars. It is interesting to
check how the LoS velocity dispersion profile change if we
only include bound stellar particles.
Fig. 5 (left) shows LoS σ? profiles for the CDM model
with cv = 10 and the SIDM3 model around 8 Gyr when the
unbound particles are included or excluded, where we adopt
the tight velocity cut, |vlos − Vbulk | ≤ 12 km/s. Interestingly,
ignoring the contribution from the unbound particles only
slightly decreases the LoS velocity dispersion in the CDM
model, while in the SIDM3 model it reduces by more than
a factor of two. This is because the latter has a shallower
gravitational potential and most of stellar particles become
unbound after tidal evolution. Thus, we expect to see more
tidal streams in the SIDM models.
3.5 Impact of different pericenters
After sampling observed errors of the Gaia DR-2 proper mo-
tions, Chakrabarti et al. (2019) derived an orbital distribu-
tion for the Antlia 2 galaxy. The resulting pericenter is in
the range of 8–30 kpc, with a median around 15 kpc for a
typical mass for the Milky Way halo. The orbit that we have
chosen has a pericenter of 13 kpc. It is interesting to inves-
tigate how our results change if we choose other orbits from
this orbital distribution.
We focus on the impacts on the LoS velocity dispersion
and perform two additional simulations for the CDM model
with cv = 10. The corresponding orbits have pericenters of
9 kpc and 19 kpc, which are within 1σ of the orbital distribu-
tion derived from Gaia DR-2 data (Chakrabarti et al. 2019).
Fig. 5 (right) shows the LoS stellar velocity dispersion for
the three orbits for the CDM model with cv = 10. The LoS
σ? profiles change very mildly with the pericenter for the
CDM model. It would be interesting to explore the impact
of different pericenters on SIDM haloes.
4 CONCLUSIONS
We have performed N-body simulations to model the re-
cently discovered Antlia 2 galaxy. The simulation suite con-
sists of three CDM haloes with halo concentrations cv =
13, 10, and 8, and three SIDM haloes with cv = 10 and
σ/m = 1, 3 and 5 cm2/g. The simulated dwarf galaxies start
with an NFW and Plummer profiles for their dark matter
and stellar components, respectively, with well-motivated
model parameters. Our main findings are:
• After 8 Gyr of tidal evolution, the CDM haloes remain
cuspy in the inner regions even if the initial concentration is
as low as cv = 8, while the SIDM haloes develop dark matter
density cores and their sizes increase with the cross section.
• The Milky Way’s tidal field strips most of the dark mat-
ter and star particles, resulting in significant tidal debris for
the simulated galaxies. The stripping increases with decreas-
ing cv or increasing σ/m. The stellar velocity distribution
exhibits a feature of tidal “arms” (Fig. 3). If this is veri-
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fied in the future observations of Antlia 2, it would serve as
an important test of this scenario. In general, SIDM haloes
predict more tidal debris than their CDM counterparts.
• The simulated LoS velocity dispersion agrees with the
observed one after imposing the tight cut, |vlos − Vbulk | ≤
12 km. All our simulated galaxies have similar stellar dis-
persion profiles, regardless the initial concentration and the
self-scattering dark matter cross section.
• The half-mass radius of the simulated galaxies expands
after tidal evolution. The haloes with less dense central den-
sities, either due to low cv or high σ/m, allow the stellar
distribution to become more diffuse, and the stellar mass de-
creases accordingly; see Table 1. Our results indicate Antlia
2 has an under-dense progenitor.
• Similar to the stellar mass, the dynamical mass within
the half-mass radius, dominated by dark matter, also cor-
relates with the initial halo concentration and the SIDM
cross section. For a system with a shallow density profile,
its stellar orbits can be significantly disturbed in the tidal
field and the mass estimator based on the Jeans modeling
can significantly overestimate its dynamical mass.
• The simulated CDM galaxies contain more gravitation-
ally bound stellar particles than their SIDM counterparts, as
the former has a deeper potential. The velocity dispersion
profile is insensitive to the pericenter for the CDM model
that we have checked.
Considering the above observations, we find that
Antlia 2 could be realized in both CDM and SIDM with
well-motivated model parameters. In our simulations, we
chose the initial stellar and halo masses using the mass-
metallicity and abundance-matching relations, respectively,
and adopted the stellar scale radius consistent with predic-
tions from hydrodynamical simulations with realistic feed-
back prescriptions. We find that the initial halo concentra-
tion in CDM should be lower than the cosmological mean
to be consistent with the observations of Antlia 2. In SIDM,
core formation enhances the tidal mass loss for both dark
matter and stars; it also enhances the expansion of the stellar
distribution. SIDM, therefore, allows a higher halo concen-
tration and a denser stellar distribution compared to CDM
for models that match observations of Antlia 2. In this work,
we used controlled simulations with a static host potential
to study the key ingredients to realize Antlia 2-like galaxies.
It would be of great interest to further explore this topic
with cosmological hydrodynamical simulations.
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